Impact of origin on bioactive compounds and nutritional composition of bee pollen from southern Brazil: A screening study  by Sattler, José Augusto Gasparotto et al.
Food Research International 77 (2015) 82–91
Contents lists available at ScienceDirect
Food Research International
j ourna l homepage: www.e lsev ie r .com/ locate / foodresImpact of origin on bioactive compounds and nutritional composition of
bee pollen from southern Brazil: A screening studyJosé Augusto Gasparotto Sattler a,⁎, Illana Louise Pereira de Melo a, Daniel Granato b, Elias Araújo a,
Alex da Silva de Freitas c,d, Ortrud Monika Barth d,e, Aroni Sattler f, Ligia Bicudo de Almeida-Muradian a
a University of São Paulo, Department of Food and Experimental Nutrition, Laboratory of Food Analysis, Faculty of Pharmaceutical Sciences, Av. Prof. Lineu Prestes 580, 05508-000 São Paulo,
SP, Brazil
b State University of Ponta Grossa, Department of Food Engineering, Av. Carlos Cavalcanti, 4748, Uvaranas Campus, 84030-900 Ponta Grossa, PR, Brazil
c Federal Fluminense University, Laboratory of Marine Geology, Niterói, Brazil
d Federal University of Rio de Janeiro, Laboratory of Palynology, Rio de Janeiro, RJ, Brazil
e Institute Oswaldo Cruz, Fiocruz, Rio de Janeiro, RJ, Brazil
f Federal University of Rio Grande do Sul, Faculty of Agronomy, Department of Plant Health, Av. Bento Gonçalves, 7712 Porto Alegre, RS, BrazilAbbreviations: BP, bee pollen; GI, geographical indic
liquid chromatography; GPS, global positioning system; P
sis; HCA, hierarchical cluster analysis; DRI, dietary referen
⁎ Corresponding author.
E-mail address: jagasparotto@gmail.com (J.A.G. Sattler
http://dx.doi.org/10.1016/j.foodres.2015.09.013
0963-9969/© 2015 Elsevier Ltd. All rights reserved.a b s t r a c ta r t i c l e i n f oArticle history:
Received 8 July 2015
Received in revised form 9 September 2015
Accepted 13 September 2015
Available online 16 September 2015
Keywords:
Bioactive compounds
Bee pollen
Bee products
Vitamins
HPLC
Chemical compounds studied in this article:
Ascorbic acid (PubChem CID: 54670067)
Beta-carotene (PubChem CID: 573)
Alpha-carotene (PubChem CID: 6419725)
Alpha-tocopherol (PubChem CID: 14985)
Beta-tocopherol (PubChem CID: 6857447)
Gamma-tocopherol (PubChem CID: 92729)
Delta-tocopherol (PubChem CID: 92094)
Glucose (PubChem CID: 53782692)
Fructose (PubChem CID: 53782691)Bee pollen (BP) has been increasingly studied because it contains a wide variety of bioactive compounds, includ-
ing vitamins. Brazilian botanical diversity, togetherwith the potential of local beekeeping production,makes BP's
capacity as a food source of bioactive compounds major focus for research. In this scenario, the objective of this
study was to screen and evaluate the chemical composition, including antioxidant vitamins, of BP samples from
southern Brazil, and to correlate themwith their botanical origin. Analyses of nutritional composition were per-
formed to compare themwith the quality parameters established by Brazilian and international regulations. Ad-
ditionally, individual sugars and vitamins (C, E and pro-vitamin A) were quantiﬁed and microscopic analysis for
taxon classiﬁcation was performed to correlate with vitamins and nutritional composition. The results of the
chemical analysis showed that the samples were in accordance with the relevant regulations. The composition
of vitamins and pollen types varied among the samples. Some BP could be classiﬁed as a source of a particular
vitamin in a standard dose (25 g). Lipid and protein content from Rio Grande do Sul presented higher mean
values (p b 0.05) comparedwith the other two states. Some correlations between chemical composition and bo-
tanical taxon were observed. Principal component analysis showed that the samples from the states of Rio
Grande do Sul and Paraná presented similarities in terms of composition for each location. HCA and PLSDA
were not able to classify the samples based on the chemical markers used. The analysis of vitamins conﬁrmed
that BP from this region can be a good source of antioxidant vitamins and that it can provide important nutrition-
al information to food researchers and bioactive compounds for consumers.
© 2015 Elsevier Ltd. All rights reserved.1. Introduction
The bee pollen (BP) is one of the hive products (as well as honey,
royal jelly, and propolis) that is gaining prominence due to the presence
of bioactive compounds that are associatedwith beneﬁcial properties to
health (Komosinska-Vassev, Olczyk, Kaźmierczak, Mencner, & Olczyk,
2015; Campos, Frigerio, Lopes, & Bogdanov, 2010). The BP compositionation; HPLC, high-performance
CA, principal component analy-
ce intake.
).varies due to plant species and is also inﬂuenced by age, nutritional con-
dition of the plant and environmental conditions during pollen develop-
ment (Arruda, Pereira, de Freitas, Barth, & Almeida-Muradian, 2013;
Melo, Freitas, Barth, & Almeida-Muradian, 2009).
BP composition includes proteins, carbohydrates, lipids and
minerals. It also contains some antioxidant vitamins, namely C, E, β-
carotene, as well as vitamins from the B-complex (Arruda et al., 2013;
Campos et al., 2008). Few studies have identiﬁed antioxidant vitamins
in BP. Melo et al. (2009) and Oliveira, Moriya, Azedo, and Almeida-
Muradian (2009) performed the quantiﬁcation of α-tocopherol, vita-
min C and β-carotene in BP samples from southeast region of Brazil. Vi-
tamins were present in all samples in varying amounts, and some BP
samples were considered dietary sources of antioxidant vitamins in a
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and Barth (2005) reported the absence of β-carotene and vitamin C in
the some collected samples from southern Brazil. According to these au-
thors, the thermal process applied on BP samples can explain the lack of
these vitamins, as such compounds are unstable at high temperatures.
In addition to vitamins, BP has phenolic compounds as conﬁrmed by
studies of Cheng, Ren, Lei, Zheng, and Cao (2013), Freire et al. (2012)
and Carpes (2009). Besides its high nutritional value, some studies
show that this food can exert antioxidant, anti-inﬂammatory, antimi-
crobial, anticancer, antimutagenic and immunomodulatory activities,
as evidenced by cellular, animal and human studies (Pascoal,
Rodrigues, Teixeira, Feás, & Estevinho, 2014; Xua, Gaoa, & Sunb, 2012;
Graikou et al., 2011; Trautwein & Demonty, 2007). Another important
factor is themicrobiological quality of Brazilian bee pollen. A study con-
ducted with 45 BP samples collected in nine Brazilian states showed
that all the samples did not present sulﬁte-reducing clostridia spores,
Salmonella, coagulase-positive Staphylococcus and Escherichia coli,
which are microorganisms of public health concern (De-Melo,
Estevino, & Almeida-Muradian, 2015).
Currently, the use of the geographical indication (GI) for bee prod-
ucts, especially honey, has been proposed because of a higher demand
from consumers for differentiated products with regional identity
(Karabagiasa, Badekaa, Kontakosb, Karabourniotic, & Kontominasa,
2014; Castro-Vázquez, Díaz-Maroto, de Torres, & Pérez-Coello, 2010).
According to Luykx and Ruth (2008), the use of GI allows producers to
obtain conﬁdence from consumers, leading to market recognition and
also a premium price.
The evaluation of the nutritional composition and quality parame-
ters of bee pollen from southern Brazil, which has great botanical diver-
sity and subtropical to tropical climate as compared to the rest of the
country, brings useful information to both producers and consumers.
Another important aspect is the growing number of studies that have
been recognizing BP as a functional food (Komosinska-Vassev et al.,
2015). These features are a great opportunity for the development of
Brazilian beekeeping and consequently the production of hive products,
including the BP. In this scenario, themain objective of this work was to
screen and evaluate the chemical composition (proximate, antioxidant
vitamins C, E, pro-vitamin A and sugars) of dehydrated bee pollen pro-
duced in georeferenced apiaries from southern Brazil. Chemical data
were correlated with botanical origin and compared with the quality
parameters established by Brazilian and international regulations.
2. Materials and methods
2.1. Sampling and processing (dehydration) of the samples
Samples of BP in natura were obtained from August 2011 to March
2012 at apiaries located in southern Brazil (States: Paraná, Santa
Catarina and Rio Grande do Sul). Table 1 shows the informationTable 1
Information obtained from 21 samples of BP.
State Samples Apiaries Sampling month
RS 1 A Aug/11
RS 2–3–4 B Aug–Sept.–Sept.
RS 5 C Oct/11
RS 6 D Oct/11
RS 7–8 E Oct–Nov./11
PR 9–10 F Nov–Nov./11
PR 11 G Nov/11
PR 12 H Nov/11
SC 13–14–15 I Dec–Dec.–Dec./1
SC 16 J Dec/11
RS 17 K Dec/11
PR 18 L Dec/11
PR 19 M Dec/11
RS 20–21 A Dec/11–Mar./12obtained from 21 samples of BP in natura including, apiary collection,
samplingmonth, state/province, and geographical position of the apiar-
ies (global positioning system — GPS). Although the number of BP was
not large, it represents the number of BP produced in the region at
that time.
To dehydrate the BP samples, a food brand Fabbe-Primar dryer oven
was used at a temperature of 42 °C for 20 h (time/temperature were
based on preliminary studies), as recommended by the Brazilian legisla-
tion (Brasil, 2001).
2.2. Determination of proximate composition, sugars (glucose and fructose)
and vitamin C (ascorbic acid)
The following determinations were carried out in accordance with
the methodologies described by Almeida-Muradian, Arruda, and
Barreto (2012):moisturewas gravimetrically determined using an elec-
tronic precision balance (Micronal B160), ﬁtted with an infrared dryer
(Mettler Toledo LP16); total nitrogen — proteins were measured by
themicro-Kjeldahlmethod; lipidsweremeasured using an intermittent
Soxhlet extractor and ethyl ether as solvent;ﬁxedmineral residue— ash
was measured gravimetrically in an oven at 550 °C to constant weight.
The extraction and determination of the sugars glucose and fructose
were performed by HPLC (Almeida-Muradian et al., 2012). For the de-
termination of vitamin C, the titrimetric method (AOAC, 1995) was
used, which relies on the reduction of 2-6-dichlorophenol-indophenol
(DCFI) by ascorbic acid. All analyses were performed in triplicate.
2.3. Analysis of vitamins by high-performance liquid chromatography
(HPLC)
2.3.1. Sample preparation
The reagents used during the extraction procedures were of analyt-
ical grade. TheHPLC analyticalmethodswere preparedwithHPLC grade
solvents and all the standards were purchased from Sigma Aldrich
(St. Louis,MO, USA). First, the samples were subjected to exhaustive ex-
tractionwith cold acetone using amechanical mixer (Turrax). Then, the
material was submitted to vacuum ﬁltration using a sintered glass ﬁlter
and the ﬁltrate was transferred to a separatory funnel containing petro-
leum ether. The solution was washed ﬁve times with distilled water to
completely remove the acetone. The petroleum ether extract was col-
lected, dried with anhydrous sodium sulfate, ﬁltered and concentrated
in a vacuum rotary evaporator (~35 °C). The obtained residue, contain-
ing tocopherols and carotenes, was fully evaporated in an atmosphere
of nitrogen, resuspended in 10 mL of mobile phase, ﬁltered through a
0.22 μm membrane and injected into the chromatograph system
equipped with two Shimadzu (Japan) (LC-20AT) pumps, Shimadzu
(SIL-20A Autosampler) autosampler; Shimadzu (RF-10AXL) Fluores-
cence detector; Software LC-Solution and Shimadzu CBM-20A (SCL-/year City Location of apiaries — GPS
Cruz Alta S28°37′35.94″/O53°37′57.66″
/11 São Gabriel S30°15′27.72″/O54°28′59.41″
São Gabriel S30°27′13.09″/O54°22′08.51″
Erechim S27°37′17.05″/O52°15′28.91″
Cambará do Sul S28°54′45.06″/O50°04′58.45″
União da Vitória S26°10′50.78″/O51°07′16.25″
União da Vitória S26°10′38.80″/O51°05′46.30″
União da Vitória S26°10′36.45″/O51°05′45.17″
1 São José S27°34′00.35″/O48°43′18.27″
Urubici S27°57′10.00″/O49°54′54.50″
Ijuí S28°21′41.14″/O53°50′34.84″
Lapa S25°48′50.27″/O49°46′48.27″
Palmeira S25°41′12.58″/O50°09′32.56″
Cruz Alta S28°37′35.94″/O53°37′57.66″
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2010).
2.3.2. Analysis of vitamin E (α-, β-, γ-, δ-tocopherol)
High-performance liquid chromatography (HPLC) was used for the
determination of vitamin E (α-, β-, γ-, δ-tocopherol) in the BP, as de-
scribed by Presoto, Rios, and Almeida-Muradian (2000) and Melo and
Almeida-Muradian (2010). Approximately 5 g of samples was used for
the analyses, which were performed in triplicate. A ﬂuorescence detec-
tor (RF-10AXL) set to 295 nmexcitation and 330nmemissionwas used.
A silica Shim-pack CLC-Sil (M) (25 × 4.6mmparticle size 5 μm) column
with pre-ﬁltered and degassed mobile phase was used, consisting of
hexane and isopropyl alcohol (99:1) and 1.5 mL/min ﬂow. The tocoph-
erols were identiﬁed by comparing the retention time of the synthetic
standards, and quantiﬁcation was performed by an external standardi-
zation curve using at least ﬁve concentration levels for each pattern.
To calculate themain vitamers present in the samples, Eq. (1) described
byHolland et al. (1991)was used,which is based on the biological activ-
ity of vitamin E vitamers:
α‐tocopherolequivalent ¼ sumof mgofα‐tocopherol
þ β‐tocopherol 0:4ð Þ
þ γ‐tocopherol 0:3ð Þ
þ δ‐tocopherol 0:01ð Þ: ð1Þ
The tocopherol analysis was validated with the recovery test, where
three levels of concentration (56–60, 75–87 and 116–119%) of the stan-
dards (α-, β-, γ-, δ-tocopherol) were added to the samples. The recov-
ery (%) of the three levels was (109–109–99%) for α-tocopherol,
(100–80–112%) for β-tocopherol, (107–98.5–103%) for γ-tocopherol
and (90–80–98%) for δ-tocopherol. The limit of detection (LOD)/quanti-
tation (LOQ)was as follows:α-tocopherol (1.01/3.06 μg/g)/β-tocopher-
ol (0.14/0.45 μg/g)/γ-tocopherol (0.30/0.90 μg/g)/δ-tocopherol (0.10/
0.31 μg/g).
2.3.3. Analysis of total carotenoids, α- and β-carotene
For the analysis of total carotenoids, the petroleum ether extract that
was obtained as described above (Section 2.3.1) was quantiﬁed in a UV
spectrophotometer (1650 PC, Shimadzu) at 450 nm. Then it was con-
centrated in a rotaevaporator for HPLC analysis. A Shimadzu liquid chro-
matograph systemwas used, which comprised of a pump (LC-20AT), an
automatic injector and a UV–visible detector with photodiode arrays
(SPD-M20A) set to read at 450 nm. For the separation, a C18 Shim-
pack VP-ODS column (25 × 4.6 mm particle size 5 μm) was used with
pre-ﬁltered and degassed mobile phase, consisting of methanol, ethyl
acetate and acetonitrile (70:20:10, respectively) and 1.2 mL/min
stream. The α- and β-carotene were identiﬁed by comparing the
retention times of the extracted patterns naturally and synthetically,
respectively, and the quantiﬁcation was performed by an external stan-
dardization curve using at least ﬁve concentration levels for each pat-
tern. The pro-vitamin A value was calculated according to the criteria
of dietary reference intake (Institute of Medicine, 2001), where 12 μg
of β-carotene and 24 μg of α-carotene are equivalent to 1 μg of retinol
or retinol equivalent (RE), or by 1 retinol activity equivalent (RAE).
The carotenoid analysis was validated with the recovery test, where
three levels of concentration (50, 75 and 100%) of the standards (α-
andβ-carotene)were added to the samples. The recovery (%) of 3 levels
was (93–88–84%) for α-carotene and (96–97–97%) for β-carotene. The
limit of detection (LOD)/quantitation (LOQ) was as follows: α-carotene
(0.30/0.92 μg/g)/β-carotene (0.22/0.66 μg/g).
2.4. Preparation of bee pollen samples in order to determine their botanical
origin
Samples (2 g) of dehydrated BPwereweighed, washedwith ethanol
and resuspended in glycerol/water (1:1 volume ratio) solution. Onedrop of this homogenized suspension was added to a microscope slide
and 500 pollen grains per sample were counted (Barth et al., 2010).
2.5. Data processing and multivariate statistical analysis
The experimental results were presented asmeans± standard devi-
ation (n = 3). For inferential analysis, the normality and homogeneity
of variances were checked using the Shapiro–Wilks and Brown–
Forsythe tests, respectively, utilizing Action v. 2.5 software (Statcamp,
Brazil). To check for correlation between chemical parameters and the
frequency of appearance (%) of each pollen type in the samples, the
Pearson correlation coefﬁcients were calculated as a parameter to eval-
uate the data generated. One-way ANOVA (homoscedastic data) or
Welch-ANOVA (heteroscedastic data) were used to check for differ-
ences in the chemical markers produced in the three southern
Brazilian states (Santa Catarina, Rio Grande do Sul, and Paraná), while
post-hoc Duncan's multiple comparison test was used to compare the
means. Any p-values below 5% were considered statistically signiﬁcant
(Granato, de Araújo Calado, & Jarvis, 2014).
Principal component analysis (PCA) and hierarchical cluster analysis
(HCA) were the exploratory multivariate statistical techniques used to
study the data structure and to look for patterns in the chemical compo-
sition of the bee pollen samples according to the producing regions, fol-
lowing the guidelines and premises described elsewhere (Zielinski
et al., 2014). Samples (n = 20) were inserted in rows and chemical
markers (n = 15) were placed in columns, totaling 300 data points.
For PCA analysis, factor loadings higher than 0.50 and eigenvalues
higher than 1.0 were used to project the BP samples on the two-
dimensional plane, while for HCA, the Ward's method and Euclidean
distances were used to generate a dendrogram for the BP samples.
Prior to the analysis, the mean values of each response were autoscaled
and Statistica v. 7 software (Statsoft, U.S.A.) was used for all statistical
analyses.
Aiming at classifying the pollen samples according to the producing
region, partial least squares discriminant analysis (PLSDA) was applied
using Chemoface v. 2.5 software (UFLA, Brazil). The performance of
the PLSDA models was internally validated using the leave-one-out ap-
proach. The Kennard–Stone algorithm was used to externally validate
the PLSDAmodels. For this purpose, results were divided into the train-
ing set (60–70% samples) and validation set (30–40% samples) and the
external validation was conducted three times with different numbers
of BP samples in the training/validation sets. Two different data pre-
processing procedures were investigated: mean-centering and
autoscaling (Zielinski et al., 2014).
3. Results and discussion
3.1. Nutritional composition
The results of the nutritional composition (moisture in natura,
dehydrated moisture, protein, lipids, ash, sugars glucose and fructose)
of the 21 dehydrated BP samples are presented in Table 2. Overall,
only the ash and protein contents were different (p b 0.05) between
theproducing regions, inwhichRioGrande do Sul presented thehighest
mean values.
The results for moisture levels varied greatly between the samples.
The large variation in moisture that is found in BP in natura was ex-
plained in a study by Marchini, Reis, and Moreti (2006), who found
that the high hygroscopicity of BPwas affected by environmental condi-
tions. However, all 21 samples in the present study had values thatwere
in accordance with Brazilian regulations, which establish a maximum
moisture value of 30 g/100 g. Among the dehydrated samples, six (2,
7, 16, 17, 19, 21) showedmoisture values above 4 g/100 g, as established
by Brazilian regulation. However, these same valueswere in accordance
with Argentinean and Swiss regulations.
Table 2
Nutritional composition of dehydrated BP samples and speciﬁcations of Brazilian (Brasil, 2001), Argentinean (Código Alimentario Argentino de pólen, 1990) and Swiss regulations
(Bogdanov et al., 2004).
State Samples Nutritional composition⁎ (g/100 g)
Moisture in natura Moisture dehydrated Proteins Lipids Ash Sugars
Glucose Fructose
RS 1 18.9 ± 0.2 2.8 ± 0.2 23.0 ± 0.1 4.7 ± 0.4 2.2 ± 0.0 5.3 ± 0.4 5.2 ± 0.5
RS 2 14.8 ± 0.1 4.3 ± 0.1 26.6 ± 0.2 7.1 ± 0.7 2.4 ± 0.1 NP NP
RS 3 11.0 ± 0.1 3.7 ± 0.1 24.5 ± 0.2 6.2 ± 0.4 2.1 ± 0.1 8.0 ± 0.3 5.6 ± 0.3
RS 4 14.5 ± 0.1 3.3 ± 0.2 20.9 ± 0.2 5.1 ± 0.9 2.2 ± 0.0 6.8 ± 0.3 5.1 ± 0.3
RS 5 11.8 ± 0.2 2.8 ± 0.2 23.2 ± 1.4 2.5 ± 0.1 2.7 ± 0.1 7.5 ± 0.3 6.1 ± 0.3
RS 6 29.0 ± 0.2 2.7 ± 0.1 22.4 ± 0.1 2.2 ± 0.2 2.4 ± 0.0 5.9 ± 0.4 4.6 ± 0.5
RS 7 13.8 ± 0.2 4.4 ± 0.1 26.8 ± 0.1 2.5 ± 0.6 2.5 ± 0.0 8.0 ± 0.1 6.6 ± 0.0
RS 8 15.0 ± 0.3 3.8 ± 0.2 20.6 ± 0.1 4.6 ± 0.3 2.2 ± 0.1 8.5 ± 0.2 7.0 ± 0.3
PR 9 12.7 ± 0.1 2.7 ± 0.2 17.1 ± 1.0 4.5 ± 0.6 1.8 ± 0.1 8.3 ± 0.5 6.3 ± 0.5
PR 10 16.7 ± 0.1 2.7 ± 0.1 15.2 ± 1.3 6.2 ± 0.3 1.1 ± 0.3 8.5 ± 0.7 6.6 ± 0.5
PR 11 25.0 ± 0.1 2.4 ± 0.2 15.8 ± 0.1 2.9 ± 0.2 2.0 ± 0.0 6.6 ± 0.1 5.8 ± 0.3
PR 12 16.4 ± 0.3 3.7 ± 0.1 22.4 ± 1.5 4.0 ± 0.9 2.3 ± 0.4 8.1 ± 0.3 5.5 ± 0.3
SC 13 19.5 ± 0.2 3.4 ± 0.2 15.4 ± 0.5 3.5 ± 0.2 1.9 ± 0.4 6.5 ± 0.8 5.1 ± 0.3
SC 14 24.1 ± 0.1 1.6 ± 0.1 13.3 ± 0.3 1.1 ± 0.4 1.6 ± 0.1 5.3 ± 0.1 4.2 ± 0.2
SC 15 15.5 ± 0.2 1.0 ± 0.0 12.3 ± 0.3 0.9 ± 0.1 1.3 ± 0.1 4.3 ± 0.2 3.4 ± 0.1
SC 16 13.0 ± 0.1 5.1 ± 0.2 20.2 ± 0.2 1.9 ± 0.4 2.2 ± 0.1 8.9 ± 0.3 6.9 ± 0.3
RS 17 21.7 ± 0.1 4.2 ± 0.2 21.6 ± 0.2 2.0 ± 0.1 1.6 ± 0.1 6.8 ± 0.9 5.6 ± 0.5
PR 18 17.4 ± 0.2 3.7 ± 0.1 19.5 ± 1.7 3.8 ± 0.5 1.6 ± 0.2 5.7 ± 0.2 4.8 ± 0.2
PR 19 9.7 ± 0.2 4.7 ± 0.1 13.3 ± 0.0 0.4 ± 0.0 1.6 ± 0.5 5.0 ± 0.5 3.9 ± 0.6
RS 20 13.4 ± 0.1 2.5 ± 0.1 25.0 ± 1.1 1.6 ± 0.1 2.4 ± 0.1 6.0 ± 0.6 4.6 ± 0.6
RS 21 13.7 ± 0.2 5.3 ± 0.3 16.8 ± 0.8 4.6 ± 0.3 1.9 ± 0.1 5.6 ± 0.2 4.9 ± 0.2
Total average value (%) 16.6 ± 0.2 3.4 ± 0.2 19.8 ± 0.5 3.4 ± 0.4 2.0 ± 0.1 6.8 ± 0.4 5.4 ± 0.3
RS (n = 11)⁎⁎ 16.1 ± 0.2a 3.6 ± 0.2a 22.9 ± 0.4b 3.9 ± 0.4a 2.3 ± 0.1b 6.8 ± 0.4a 5.5 ± 0.3a
SC (n = 4)⁎⁎ 18.0 ± 0.2a 2.8 ± 0.1a 15.3 ± 0.3a 1.9 ± 0.3a 1.8 ± 0.2a 6.3 ± 0.3a 4.9 ± 0.2a
PR (n = 6)⁎⁎ 16.3 ± 0.2a 3.3 ± 0.2a 17.2 ± 0.9a 3.6 ± 0.4a 1.7 ± 0.2a 7.0 ± 0.4a 5.5 ± 0.4a
Brazilian regulations (%) Maximum of 30 Maximum of 4 Minimum of 8 Minimum of 1.8 Maximum of 4 – –
Argentinean regulations (%) – Maximum of 8 Between 15 and 28 – Maximum of 4 – –
Swiss regulations (%) – Maximum of 6 Between 10 and 40 Between 1 and 10 Between 2 and 6 – –
NP = not performed.
⁎ Results expressed on a dry basis by mean ± standard deviation of triplicate analyses.
⁎⁎ Different letters in the same column represent signiﬁcant difference (p b 0.05) using the Duncan's test.
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nutrient values in BP may vary from 12 to 61 g/100 g depending on
the botanical source. In the 21 samples examined in the present study,
the protein values ranged from 12 to 27 g/100 g, all of whichwere in ac-
cordance with Brazilian and Swiss regulations. However, some samples
were below the minimum limit (15 g/100 g) set by Argentine regula-
tions. The average value of protein (24 g/100 g) found in this study
was consistent with that found in studies by Funari et al. (2003), who
found an average of 26 g/100 g protein in dehydrated BP samples in
Sao Paulo; Bastos, Rocha, Cunha, Carvalho, and Torres (2003), who
found 21 g/100 g protein in samples from the states of São Paulo and
Minas Gerais; Almeida-Muradian et al. (2005), who found a mean
value of 21 g/100 g in samples from southern Brazil; and Marchini
et al. (2006), who found an average of 21 g/100 g in samples from São
Paulo. Martins, Morgano, Vicente, Baggio, and Rodriguez-Amaya
(2011) evaluated 9 samples from Rio Grande do Sul, 30 from Santa
Catarina and 10 from Paraná and presented results for proteins that
were similar to those found in this study, with a signiﬁcantly higher
mean for BP from the state of Rio Grande do Sul (21.7 g/100 g). They
concluded that the substantial amounts of protein in BP justify its use
for human consumption, provided that effective quality control is as-
sured. In the present study, statistical analysis showed that the mean
level of protein for BP from Rio Grande do Sul was also signiﬁcantly
(p b 0.05) higher when compared to the other states from the south
of Brazil.
The lipid values ranged from 0.37 to 7.09 g/100 g, with four samples
(14, 15, 19 and 20) having values below the lower limit of 1.8 g/100 g,
which is recommended by Brazilian regulation, while samples 15 and
19 were below the minimum level recommended by the Swissregulation. According to the literature (Farag, Youseff, Ewies, &
Hallabo, 1978; Roulston, Cane, & Buchmann, 2000), mean lipid values
can range between 0.8 and 31.7 g/100 g, and this discrepancy is mainly
due to plant genetics and the environment. In the present study, the av-
erage lipid content (3.4 g/100 g)was in accordancewith values found in
a study conducted by Marchini et al. (2006), which found a mean value
of lipids of 3.6 g/100 g in samples fromSão Paulo, and a study by Barreto
(2012), which found a mean value of 3.8 g/100 g in samples from vari-
ous regions of Brazil. Our results regarding lipid and protein contents
conﬁrm those data obtained by Martins et al. (2011) and demonstrate
that high values for protein and low values for lipids make this type of
BP a suitable food supplement.
Regarding the ash content, all the samples were in accordance with
Brazilian regulation. Similar results were observed by Bastos et al.
(2003) and Marchini et al. (2006), who found average values of 2.8 g/
100 g and 2.9 g/100 g, respectively. Considering the Swiss regulation,
ten samples of this study did not reach the minimum value of 2 g/
100 g ash. The presence of mineral soils, due to inefﬁcient cleaning pro-
cesses, may increase ash content (Baldi, Grasso, Pereira, & Fernández,
2004), which makes this an important marker for analyzing quality in
BP (Orzáez-Villanueva, Diaz Marquina, Bravo-Serrano, & Blazquez-
Abellán, 2002).
As reported by Martins et al. (2011), carbohydrates are the main
component of BP samples, with fructose, glucose and sucrose the
major free sugars found. The results of the present study conﬁrmed
the presence of reducing sugars in BP, although they were below
those presented by the authors above, who used samples from different
regions of Brazil andwho found glucose and fructose values that ranged
from 7 to 22 g/100 g and from 13 to 24 g/100 g, respectively.
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The results for vitamin C content (ascorbic acid), % of the DRI in a
standard portion (25 g/day) of dehydrated BP, tocopherol (α-, β-, γ-,
δ-tocopherol), and % of the DRI for men and women in a standard por-
tion of 25 g of the dehydrated BP samples are shown in Table 3. No sta-
tistical difference between the producing regionswas found for vitamin
C (p = 0.643).
The results for vitamin C content were in agreement with Oliveira
et al. (2009), who obtained yields ranging from 274 to 559 μg/g in sam-
ples (n= 10) from the state of São Paulo, as well as those presented by
Melo et al. (2009) who also analyzed samples from the state of São
Paulo (n = 6), where vitamin C values were in the range of 114–
340 μg/g.
According to Ordinance no 31 (Brasil, 1998), in terms of labeling, a
solid food shall be considered a source of a determined vitamin or min-
eral if it supplies 15% of the dietary reference intake (DRI, 2001) in a
speciﬁed portion of the product. According to the DRI (2001), vitamin
C intake should be 90 mg/day for men and 75 mg/day for women;
15% of which consists of 13.5 mg of vitamin C for men and 11.3 mg for
women. Therefore, taking into consideration the ingestion of a standard
portion (25 g/day) of BP, among the 20 samples in our study, two sam-
ples (16 and 20) could be considered a source of vitamin C per day for
men and three samples (12, 16 and 20) for women.
The levels found for α-tocopherol varied between 4.7 and 114 μg/g.
These results were higher than those found by Oliveira et al. (2009),
where the levels varied from 14 to 43 μg/g, and those reported by
Melo et al. (2009), where they ranged from 16 to 39 μg/g. To our knowl-
edge, there are no other studies in the literature that have identiﬁed and
quantiﬁed β-, γ-, and δ-tocopherol in BP, and therefore the vitamin E
value of this product may be underestimated as these tocopherols
may be present in signiﬁcant amounts.
According to the DRI (2001) for vitamin E, the recommended level is
15mg/day for adults; 15% of this intake consists of 2.25mg of vitamin ETable 3
Vitamin C (ascorbic acid), tocopherols' (α-, β-, γ-, δ-tocopherol) content, and % of DRI in a stan
State Samples Vitamin C
(μg/g)
% DRI
(men)⁎
% DRI
(women)⁎
α-Tocopherol
(μg/g)
β-Toco
(μg/g)
RS 1 158.3 ± 0.6 4.4 5.3 7.0 ± 0.2 0.7 ±
RS 2 NP NP NP NP NP
RS 3 129.6 ± 1.4 3.6 4.3 16.1 ± 4.0 0.9 ±
RS 4 171.9 ± 1.2 4.8 5.7 22.4 ± 0.4 0.9 ±
RS 5 430.3 ± 1.7 12 14.3 49.5 ± 4.6 0.8 ±
RS 6 253.2 ± 3.4 7.0 8.4 18.7 ± 1.5 1.2 ±
RS 7 347.5 ± 3.6 9.6 11.6 38.4 ± 1.7 0.9 ±
RS 8 434.4 ± 3.0 12.1 14.5 21.2 ± 1.0 0.7 ±
PR 9 350.6 ± 2.4 9.7 11.7 30.0 ± 2.3 0.8 ±
PR 10 190.9 ± 11.6 5.3 6.4 72.8 ± 0.8 9.7 ±
PR 11 94.2 ± 2.7 2.6 3.1 14.9 ± 2.6 7.4 ±
PR 12 456.0 ± 2.7 12.7 15.2⁎⁎ 21.4 ± 0.8 9.3 ±
SC 13 127.3 ± 21.2 3.5 4.2 113.9 ± 0.9 2.5 ±
SC 14 96.8 ± 12.0 2.7 3.2 ND ND
SC 15 103.6 ± 6.9 2.9 3.4 ND ND
SC 16 573.6 ± 16.1 15.9⁎⁎ 19.1⁎⁎ 95.7 ± 0.1 2.5 ±
RS 17 217.9 ± 38.3 6.0 7.3 4.6 ± 0.1 0.8 ±
PR 18 145.9 ± 18.4 4.0 4.9 50.9 ± 4.6 1.4 ±
PR 19 60.3 ± 4.0 1.7 2.0 19.8 ± 2.4 ND
RS 20 797.0 ± 86.6 22.1⁎⁎ 26.6⁎⁎ 21.2 ± 1.7 0.8 ±
RS 21 106.8 ± 22.4 3.0 3.6 37.0 ± 4.0 1.3 ±
Total average value (%) 262.3 ± 13.0 32.8 ± 1.7 2.1 ±
RS (n = 11)+ 304.7 ± 16.2a 23.6 ± 1.9a 0.9 ±
SC (n = 4)+ 225.3 ± 14.1a 52.4 ± 1.0a 1.3 ±
PR (n = 6)+ 216.3 ± 7.0a 35.0 ± 2.2a 4.8 ±
Analyses were performed in triplicate and the results were expressed as mean ± standard dev
⁎ DRI = 90 mg/day for men and 75 mg/day for women, and is considered a dietary source w
⁎⁎ Sample is considered as a source of vitamin C.
# DRI = 15 mg/day for men and women, considered source if values are ≥15% of the DRI.
## Sample is considered as a source of vitamin E.
+ Similar letters in the same column represent similarity (p N 0.05) between regions.per serving. As the daily consumption portion recommended for
dehydrated BP is 25 g, according to our results it would provide from
0.95 to 19.50 mg of vitamin E daily. Consequently, the samples 13 and
16 of BP that were analyzed can be considered sources of these vitamins
that would respectively provide 16.5 and 19.5% of the DRI per portion.
The levels of carotenoids, β- and α-carotene, pro-vitamin A value
(retinol) and % of DRI in a standard portion of 25 g/day in the
dehydrated BP samples are shown in Table 4.
Although the levels of carotenoids found in the BP ranged from5.3 to
1233 μg/g, no statistically signiﬁcant difference was observed between
producing regions (p = 0.105). Regarding the results for β-carotene,
these varied between 0.47 and 179 μg/g and no difference between pro-
ducing regions was observed (p = 0.255). These results show a wide
range of concentrations of carotenoids studied in the BP samples. This
was due to the botanical diversity present in the samples, as can be
seen from the results for pollen analysis (microscopic) shown in
Section 3.3. The results of this study were higher than the levels found
by Melo et al. (2009) and Oliveira et al. (2009), which ranged respec-
tively from 25 to 269 μg/g for total carotenoids and between 3.1 and
199 μg/g for β-carotene in processed samples. In a study by
Muniategui, Sancho, Lopez, Huidobro, and Simal (1990), carotenoid
contents ranged from 0.49 to 243 μg/g and levels of 10 μg/g for β-
carotene were found in commercial samples of BP from Spain. There
are no other studies in the literature that have identiﬁed α-carotene
levels in BP samples. In the present study, theα-carotene content varied
between 3.3 and 828 μg/g, conﬁrming the need to evaluate its presence
and quantiﬁcation when characterizing the potential of BP.
The pro-vitaminA value of the processed samples ranged from3.9 to
4945 μg/100 g retinol (12 μg β-carotene and of 24 μg of α-carotene,
equivalent to 1 μg of retinol). No difference was observed for β-
carotene (p = 0.233) and α-carotene (p = 0.184) between producing
regions. The recommended dietary allowance for vitamin A is 900 μg/
day for men and 700 μg/day for women (DRI, 2001). Consequently, in
terms of labeling, the samples 9 and 13 could be considered to be richdard portion of 25 g/day of dehydrated BP samples.
pherol γ-Tocopherol
(μg/g)
δ-Tocopherol
(μg/g)
α-Tocopherol equivalent
(mg/100 g)
% DRI#
(men/women)
0.1 3.1 ± 0.8 0.8 ± 0.0 0.8 1.4
NP NP – –
0.0 2.5 ± 0.2 1.2 ± 0.1 1.7 2.9
0.0 7.9 ± 0.5 1.5 ± 0.1 2.5 4.2
0.0 4.1 ± 2.8 ND 5.1 8.5
0.0 5.0 ± 0.3 3.1 ± 0.2 2.1 3.5
0.0 5.6 ± 0.1 4.7 ± 0.2 4.0 6.7
0.0 3.9 ± 0.2 0.9 ± 0.1 2.3 3.8
0.1 3.8 ± 3.3 ND 3.1 5.2
0.3 11.6 ± 0.3 83.7 ± 1.8 8.1 13.5
1.0 ND ND 1.8 3.0
0.9 7.4 ± 0.4 1.5 ± 0.0 2.7 4.6
0.0 6.9 ± 0.1 3.4 ± 0.1 11.7 19.5##
ND ND – –
ND ND – –
0.0 7.0 ± 0.2 4.0 ± 0.2 9.9 16.5##
0.1 2.2 ± 0.2 5.9 ± 1.1 0.6 1.0
0.1 8.9 ± 0.8 6.5 ± 0.9 5.4 9.0
ND 1.3 ± 0.1 2.0 3.3
0.1 4.7 ± 0.1 1.8 ± 0.1 2.3 3.8
0.1 8.1 ± 0.4 5.4 ± 0.8 3.9 6.5
0.1 4.6 ± 0.5 6.3 ± 0.3
0.0a 4.7 ± 0.6a 2.5 ± 0.3a
0.0a 3.5 ± 0.1a 1.9 ± 0.1a
0.4a 5.3 ± 0.8a 15.5 ± 0.5a
iation. – ND= not detected. – NP = not performed.
hen values are ≥15% of the DRI in a standard portion of 25 g.
Table 4
The content of total carotenoids, β- and α-carotene, pro-vitamin value A (retinol) and % of DRI in a standard portion of 25 g/day in dehydrated BP samples.
State Samples Total carotenoids (μg/g) β-carotene (μg/g) α-carotene (μg/g) Pro-vitamin A value
(retinol μg/100 g)
% DRI⁎
Men
% DRI⁎
Women
RS 1 12.8 ± 1.1 ND ND – – –
RS 2 NP NP NP – – –
RS 3 34.0 ± 6.8 1.9 ± 0.2 ND 15.8 0.4 0.6
RS 4 153.4 ± 10.7 13.5 ± 0.7 ND 112.1 3.1 4.0
RS 5 277.1 ± 28.6 ND ND – – –
RS 6 511.7 ± 46.8 ND ND – – –
RS 7 150.4 ± 28.3 4.9 ± 0.4 ND 40.4 1.1 1.4
RS 8 170.0 ± 23.8 4.1 ± 0.2 10.0 ± 0.5 75.6 2.1 2.7
PR 9 644.9 ± 16.5 112.7 ± 12.8 324.7 ± 49.7 2292.0 63.7## 81.9##
PR 10 60.4 ± 12.6 3.6 ± 0.2 9.9 ± 0.8 71.0 2.0 2.5
PR 11 114.9 ± 2.6 ND ND – – –
PR 12 259.6 ± 33.9 12.8 ± 1.7 28.4 ± 2.1 225.2 6.3 8.0
SC 13 1233.0 ± 63.5 179.2 ± 9.3 828.4 ± 42.6 4945.2 137.4## 176.6##
SC 14 9.8 ± 1.4 ND ND – – –
SC 15 10.8 ± 2.3 0.5 ± 0.0 ND 3.9 0.1 0.1
SC 16 1058.0 ± 172.4 9.5 ± 0.3 17.4 ± 0.4 151.5 4.2 5.4
RS 17 19.4 ± 1.4 1.5 ± 0.0 ND 12.5 0.4 0.5
PR 18 133.1 ± 3.2 4.6 ± 0.2 4.5 ± 0.3 57.1 1.6 2.0
PR 19 5.3 ± 0.5 1.5 ± 0.0 ND 12.8 0.4 0.5
RS 20 87.6 ± 0.9 0.8 ± 0.0 ND 6.5 0.2 0.2
RS 21 106.2 ± 3.9 3.4 ± 0.0 3.3 ± 0.1 42.0 1.2 1.5
Total average value (%) 252.6 ± 23.1 17.7 ± 1.3 61.3 ± 4.8
RS (n = 11)+ 152.3 ± 15.2a 3.0 ± 0.2a 1.3 ± 0.1a
SC (n = 4)+ 577.9 ± 59.9a 47.3 ± 2.4a 211.5 ± 10.8a
PR (n = 6)+ 203.0 ± 11.6a 22.5 ± 2.5a 61.3 ± 8.8a
Analyses were performed in triplicate and the results were expressed as mean ± standard deviation; – ND= not detected. – NP = not performed.
⁎ DRI = 900 μg/day for men and 700 μg/day for women and is considered a dietary source when values are ≥15% of DRI.
## Sample is considered rich in vitamin A (≥30% of DRI in a portion of 25 g).
+ Similar letters in the same column represent similarity (p N 0.05) between regions.
Table 5
Frequency (%) of pollen types (botanical taxa) obtained in dehydrated BP samples.
Family Genus Brazilian states, samples and frequency (%)
RS RS RS RS RS RS RS RS PR PR PR PR SC SC SC SC RS PR PR RS RS
Asteraceae Ambrosia 36
Fabaceae Andira 99
Asteraceae – 5
Brassicaceae Brassicanapus 80 85 49 36 6
Rubiaceae Borreria 5
Caesalpineaceae – 56
Caricaceae Carica 13
Ulmaceae Celtis 23
Fabaceae Crotalaria 14
Fabaceae Dalbergia 16
Myrtaceae Eucalyptus 42 19 9.2 16 32 71 27 9 15 22 15 13 21 22 84 22
Myrtaceae Eugenia 12
Asteraceae Eupatorium 6 16 6 58 61
Arecaceae Euterpe 33 38 10 16
Aquifoliaceae Ilex 42 7 7 5 24 7
Anacardiaceae Lithraea 11 32
Fabaceae Machaerium 5.2 17 50 62 66 10 10 5 13
Melastomataceae – 26
Mimosaceae Mimosa scabrella 99 44
Asteraceae Montanoa 21
Loranthaceae Phrygilanthus 4
Loranthaceae Phoradendron 6
Piperaceae Piper 15
Asteraceae Piptocarpha 72
Rubiaceae Psychotria 5
Poaceae – 31
Burseraceae Protium 4
Rosaceae – 5.6
Rubiaceae – 57 12
Asteraceae Senecio 13 4
Anacardiaceae Tapirira 4
Asteraceae Vernonia 6
NI 17
Bold=predominant pollen type (N45% of the pollen grains); accessory pollen type (from 16% to 45%); important isolated pollen type (from 3% to 15%); NI=not identiﬁed. Some samples
could not be classiﬁed according to the Genus, thus the Family classiﬁcation was used.
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Table 6
Linear correlation based on factor analysis between the original response variables
(chemical markers) and the ﬁrst three principal components.
Response variables Principal
component 1
Principal
component 2
Principal
component 3
Moisture in natura 0.295 0.294 0.128
Moisture dehydrated −0.448 −0.261 −0.133
Proteins −0.343 −0.776 −0.254
Lipids −0.548 −0.079 0.407
Ash −0.271 −0.635 −0.534
Glucose −0.832 −0.296 0.113
Fructose −0.781 −0.315 0.130
Vitamin C −0.427 −0.495 −0.287
α-Tocopherol −0.777 0.427 −0.095
β-Tocopherol −0.412 0.132 0.631
γ-Tocopherol −0.729 0.041 0.336
δ-Tocopherol −0.352 0.205 0.819
Total carotenoids −0.621 0.464 −0.512
β-Carotene −0.438 0.707 −0.436
α-Carotene −0.409 0.742 −0.435
Eigenvalue 4.44 3.11 2.49
Cumulative variance (%) 29.57 50.29 66.91
88 J.A.G. Sattler et al. / Food Research International 77 (2015) 82–91(≥30% of DRI) in vitamin A due to the amount of α- and β-carotene
present. A daily serving of BP (25 g) of sample 9 would provide 573 μg
of retinol, which is the equivalent of 64% of the DRI for men and 82%
for women; Sample 13 provided 1236 μg of retinol, whichwould supply
137% of the DRI for men and 177% for women.
3.3. Pollen analysis of samples
The results of the pollen analysis of the BP samples are presented in
Table 5.
The differences between the pollen proﬁles of the samples can be
seen in Table 5. For a sample to be considered uniﬂoral it must contain
≥90% frequency of a single pollen type. In the present study, only the
samples 7 and 17, ofMimosa scabrella and Andira, respectively, showed
a predominant botanical taxon. Eucalyptuspollen grainswere present in
the majority of the samples (n = 16) with a 67–100% frequency in the
states that were studied. Even though this botanical taxon did not
show signiﬁcant correlation with most chemical parameters, its pres-
ence in 76% of the samples made it possible to group the samples
from southern Brazil.
3.4. Correlation between the pollen types and chemical parameters
Performing the statistical analysis of the correlation between the
pollen types that were identiﬁed and the studied chemical parameters,
the following data were found:
a) With respect to nutritional composition, the Brassica napus pollen
type showed a strong positive association with the lipid parameter
(r = 0.60; p b 0.01), a strong correlation (r = 0.50; p b 0.05) with
the protein parameter and a strong correlation (r = 0.51; p b 0.05)
with ash. The Eucalyptus pollen type showed a positive medium as-
sociation (r = 0.46; p b 0.05) with the ash parameter.
b) With respect to the composition of vitamins, the Montanoa pollen
type showed a strong positive association (r = 0.54; p b 0.05) with
the carotenoids parameter and a positive average association (r =
0.49; p b 0.05) with α-tocopherol. The Euterpe pollen type had a
strong positive association (r = 0.92, p b 0.01) with α-carotene, a
strong correlation (r= 0.83; p b 0.01)with β-carotene, a strong cor-
relation (r = 0.63; p b 0.01) with α-tocopherol and a strong nega-
tive association (r = −0.51; p b 0.05) with vitamin C. The
Piptocarpha pollen type showed a strong correlation (r = 0.59;
p b 0.01) with β-tocopherol, a strong correlation (r = 0.59;
p b 0.01) with γ-tocopherol and a strong correlation (r = 0.99;
p b 0.01) with δ-tocopherol. The Senecio pollen type showed a posi-
tive average association (r = 0.48; p b 0.05) with carotenoids, a
strong correlation (r= 0.73; p b 0.05) withα-carotene and a strong
correlation (r = 0.58; p b 0.05) with β-carotene.
Other studies have shown associations between pollen types and
chemical composition (nutritional and vitamins) in dehydrated pollen
samples (Melo et al., 2009; Oliveira et al., 2009; Arruda et al., 2013).
However, the samples used in those studieswere collected in the south-
east of Brazil (São Paulo) and therefore contained very different pollen
types to those analyzed in the present study. The only Genus similar
to that analyzed in the present study, and which was present in pollen
samples analyzed by Oliveira et al. (2009), was Eucalyptus. In the
present study, associationswere observed between Eucalyptus and anti-
oxidant vitamins by using methods of statistical analysis (correlation)
for evaluation.
None of the pollen types identiﬁed in the pollen samples analyzed by
Melo et al. (2009) were observed in this study. However, an interesting
ﬁnding in the afore mentioned study was that there were no signiﬁcant
correlations between pollen types with respect to vitamin E (α-tocoph-
erol) and ash; while in the present study some pollen types wereassociated with ash content (Brassica napus and Eucalyptus) and α-
tocopherol concentration (Montanoa and Euterpe). In addition, the sta-
tistical analysis in the present study also showed that despite the fact
that the Euterpe Genus was not present in a dominant way in the
samples, it was correlated with the α- and β-carotene and α-
tocopherol parameters;while the PiptocarphaGenus correlated strongly
with δ-tocopherol, and the Senecio Genus with α-carotene.
In general, ﬂowering differences may interfere in the percentage of
chemical components (nutritional composition and vitamins) that are
found in BP. In addition, more than one type of pollen can contribute
with different chemical proﬁles. In this regard, studies with monoﬂoral
pollens and different botanical genera are needed in order to provide
more accurate correlation results.
3.5. Multivariate statistical analysis
PCA was applied to check for similarity between samples according
to the chemical markers and type of pollen. Table 6 shows the factor
loadings for the ﬁrst three principal components (PC) and these PCs
were able to explain up to 67% of data variability. BP samples were dif-
ferentiated in PC1 based on the content of lipids, glucose, fructose, α-
tocopherol, γ-tocopherol, and total carotenoids, while PC2 separated
the samples according to the levels of proteins, ash, β-carotene, and
α-carotene. PC3 differentiated BP samples according to the content of
ash, β-tocopherol, δ-tocopherol, and total carotenoids.
Fig. 1 presents two-dimensional biplots and shows the response var-
iability of the experimental data obtained from the three Brazilian states
that were studied (RS = Rio Grande do Sul, SC = Santa Catarina and
PR = Paraná). The main purpose of using this multivariate analysis
was to search for similarities or patterns of chemical composition of
bee pollen produced in distinct regions.
The two-dimensional graphs in Fig. 1A, B, and C, respectively, ex-
plained 50.29%, 46.19% and 37.34% of the total variance of the results.
From Fig. 1A, it was possible to observe that 5 out of 7 samples from
Paraná (PR) were clustered, while samples from Rio Grande do Sul
(RS) were very close, indicating a higher degree of similarity between
samples in terms of chemical composition. However, samples (n = 4)
from Santa Catarina were scattered and no clear trend can be drawn
due to the limited number of samples. Samples PR19, SC14, and SC15
showed the lowest contents of α-tocopherol, γ-tocopherol, lipids, glu-
cose, fructose, and carotenoids as compared to the other BP samples, es-
pecially SC16, PR10, and SC13. Fig. 1B showed that sample PR10 was
isolated from other samples because of the higher content of δ-
tocopherol and β-tocopherol and lower content of total carotenoids
Fig. 1. Graph of the scores of the ﬁrst two principal components (PC1 and PC2) (A) for the 20 analyzed samples of dehydrated bee pollen, as well as the projection of bee pollen samples
based on PC1 and PC3 (B) and PC2 and PC3 (C).
Fig. 2. Dendrogram for the bee pollen samples obtained by hierarchical cluster analysis.
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Table 7
PLSDA models to classify BP samples from southern Brazil using different data preprocessing techniques.
Data preprocessing Classes Correct classiﬁcation Global classiﬁcation (%) — internal validation Global classiﬁcation (%) — external validation
Autoscaling RS (n = 10) 60 40.0 58.3
PR (n = 6) 17
SC (n = 4) 25
Mean-centering RS (n = 10) 70 45.0 43.0
PR (n = 6) 17
SC (n = 4) 25
90 J.A.G. Sattler et al. / Food Research International 77 (2015) 82–91and ash. In Fig. 1C, it is possible to observe that sample SC13 presented
the high levels of α- and β-carotene and low content of ash and
proteins.
The similarity between the samples was evaluated using HCA and 3
clusters were suggested (Fig. 2). The data corroborated the PCA
results, in which the ﬁrst cluster contained the largest number of
samples (n= 15) with similar chemical composition. Cluster 2 only in-
cluded 2 samples (PR10 and SC13) while Cluster 3 (n = 3) included
samples SC14, SC15 and PR19.
Overall, a high similarity in the chemical composition was obtained
for samples produced in 2 out of 3 Brazilian producing states (RS and
PR). We also attempted to classify the BP samples according to the pro-
ducing region using the same responses by partial least squares-
discriminant analysis (PLSDA) and results are presented in Table 7.
When datawere autoscaled and ﬁve latent variables were used to inter-
pret the outcomes, 60% of BP from Rio Grande do Sul were correctly
classiﬁed, while BP samples from other states were not well classiﬁed,
providing a mean global classiﬁcation of 58% when the PLSDA model
was externally validated. When experimental results were mean-
centered, the classiﬁcation did not change for BP samples from PR and
SC but there was an increase of 10% accuracy for samples from RS, pro-
viding a mean global classiﬁcation (external validation) of 43%. These
results altogether (HCA, PCA, and PLSDA) indicate that the chemical
markers used in the present studymay not be sufﬁcient to typify the se-
lected pollen samples according to the producing region but are an in-
dicative of quality and typicality. This result does not imply that these
chemical markers are not suitable for classiﬁcation purposes as the
number of samples in each class is limited. In this regard, a limitation
of the study should be pointed out here: the number of samples in
each class is restrictive (although they are representative of what was
produced in the southern region in the period between August 2011
and March 2012). As our samples are georeferenced, future works
should focus in analyzing more samples from these regions and com-
pare the results with the ones reported in the current study and try to
classify the BP samples based on the markers selected here or select
complementary variables.
In contrast to our results, Zhou et al. (2015) characterized the ﬂavo-
noid composition of Chinese bee pollen from different botanical origins
by high performance liquid chromatography–electrospray ionization–
tandem mass spectrometry aiming their discrimination and veriﬁed
that although pattern recognition statistical methods have not used, au-
thors concluded that the analytical method and chemical markers are a
suitable strategy to verify the botanical origin of BP. Likewise, Chica and
Campoy (2012) assessed the instrumental color (image processing) of
Spanish BP from different botanical sources (Rubus, Echium, Cistus
ladanifer, and Quercus ilex) to authenticate their geographical origin
and data were subjected to classiﬁcation statistical methods, in which
94% accuracy was obtained out of the 1946 samples.
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